A microtiter complement fixation (CF) procedure was developed for use in detection of antibodies in sera of swine and rabbits vaccinated with Streptococcus equisimilis. Crude ultrasonic as well as acid-extracted preparations contained CF antigen, but the ultrasonic procedure resulted in a higher yield of active antigen. Evidence of serotype specificity with varying degrees of crossreactivity was detected with the CF procedure when representative strains of four different serotypes of S. equisimilis were compared by using their respective unadsorbed antisera. Fractionation of crude sonic extract or acid extract by centrifugation, precipitation with ammonium sulfate, and chromatography on carboxymethyl cellulose yielded a purified, type-specific antigen that reacted only with the homologous antiserum in the CF test and formed a single band by immunodiffusion. Complement-fixing antibodies in immune swine sera were predominately immunoglobulin G.
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Beta-hemolytic streptococci, especially Lancefield group C strains identified as Streptococcus equisimilis, are frequent causes of septicemia and polyarthritis in neonatal pigs (24) . The same organisms are common in tonsils of normal swine of various ages and in vaginal secretions and mammary glands of normal sows and sows with reproductive disorders and agalactia. The significance of the infections in sows is not known, except that they undoubtedly are the principal source of streptococci causing disease in baby pigs.
In studies of the immune response of man to group A streptococci, particular emphasis has been focused on M protein, a factor associated with virulence and protective immunity (17) . Immunity to these organisms in man has been shown to be directly related to the presence of homologous type-specific anti-M antibodies. M protein-like antigens were originally described in group C streptococci by Lancefield (16) and Griffith (14) . Subsequently, type-specific protein antigens have been described in strains of S. dysgalactiae (7), S. zooepidemicus (20) , S. equisimilis (15) , and S. equi (3, 4) . Immunity against S. equi in horses has been shown to be directly related to the presence of antibodies against a single proteinaceous substance found in the capsule (27) . Evidence obtained by Bakshi and Singh (1, 2) indicated that immunity to group C organisms causing mastitis in cattle was associated with an antigen found in S. dysgalactiae and that it was capable of crossprotection against S. equisimilis. Antigen preparations. Streptococcal cells used for preparation of antigens were grown in ToddHewitt broth for 16 to 18 h at 37 C and harvested by centrifugation at 5,000 x g for 20 min in a refrigerated centrifuge. Cells used for production of ultrasonically disrupted (UD) antigen were resuspended in 0.1 M potassium phosphate-buffered saline, (PBS) pH 7.55, and the suspensions were adjusted to contain 1010 CFU/ml. A curve prepared by plotting the number of CFU in a series of culture dilutions of known density at 550 nm was used for standardization of cell suspensions. Cells were disrupted by use of a Biosonic II ultrasonic disintegrator (Bronwill Scientific Co., Rochester, N.Y.) at 95% capacity for 20 min and centrifuged at 3,000, 30,000, or 100,000 x g for 30 min at 4 C.
Hot acid extracts were prepared by the procedure developed by Lancefield and Perlmann (18) with slight modifications. Sedimented cells were mixed with an equal volume of 0.2 N HCl, heated in a boiling water bath for 10 min, cooled, and centrifuged. The supernatant was neutralized by adding 0.2 N NaOH in PBS. The extracts were stored frozen at -20 C until used.
Alkaline extracts were prepared from whole cells by the procedure originally developed by Fox and Wittner (12) . A 25% (vol/vol) suspension of whole cells in PBS was adjusted to pH 10.0 with 1.0 M NaOH, heated in a boiling water bath for 10 min, cooled, and centrifuged. The supernatant was neutralized by adding 0.1 M HCl. This material was recentrifuged, and the supernatant fluids were held at -20 C until used.
Antigens used for indirect hemagglutination (IHA) consisted of supernatant of UD cells (UD 3000) that had been centrifuged at 3,000 x g, whereas those used for complement fixation (CF) consisted of supernatant of UD cells (UD 30,000) that had been centrifuged at 30,000 x g. Both preparations were stored at -70 C.
Partially purified, type-specific S. equisimilis antigen was prepared by the procedure used by Fox (9) for preparation of type-specific antigen from group A streptococci. Cell walls were obtained by passing a slurry of cells in PBS (0.15 M NaCl, 0.1 M K2PO4, pH 7.55) through a French press at 18,000 lb/in2 or from ultrasonically disrupted cell suspensions. After disruption, the suspensions were washed three times in PBS, and the walls were separated by centrifugation at 5,000 x g for 30 min at 4 C. The walls were resuspended in 4 volumes of PBS, treated with ribonuclease (10 ,ug/ml) (Worthington Biochemical Corporation, Freehold, N.J.) for 4 h at 37 C, washed twice with PBS at 5,000 x g, and resuspended at a concentration of 25% in PBS. The cell walls were extracted with acid by usual procedures, centrifuged twice, neutralized, and pooled.
Fractionation When the effluent reached pH 5.5, a three-chambered gradient elution was initiated by using 75 ml of 0.1 M potassium phosphate buffer at pH 6.0, 75 ml at pH 6.5, and 200 ml of pH 7.0. The gradient was continued until the effluent reached pH 7.0. After fractionation, each peak was lyophilized, reconstituted in a small amount of PBS, and dialyzed against PBS for 18 h at 4 C. After dialysis, the fractions were stored at -20 C. Type-specific antigen was separated from crude sonic extract by a modification of the method used with acid extracts of cell walls. Prior to chromatography on CMC, the crude sonic extract was dialyzed for 2 days at 4 C against four changes of PBS prepared with sodium instead of the usual potassium salts. This saline was designed PBS-Na.
Antisera production. Swine were given a series of six intravenous injections of merthiolate-killed whole cells (1, 2, 2, 4, 4, and 10 billion) at 3-day intervals. Epinephrine was given to prevent a nonspecific shock that sometimes developed in swine following intravenous injection of protein-containing material. Live streptococcal cells (3.35 x 108 and 1.85 x 109 CFU) were given intravenously to one group of swine at 7 and 14 days, respectively, after the last killed antigen had been inoculated. All swine were bled 7 days after the final injection of live or killed cells. Rabbits were inoculated intravenously at 3-day intervals with six increasing doses of cells (1, 2, 2, 4, 4, and 10 billion). Ten days later, an additional 10 billion cells were given, and the rabbits were bled 7 to 10 days later. Sera were stored at -20 C and heated at 56 C for 30 min prior to use.
Type-specific antisera were prepared by adsorbing rabbit or swine sera with at least two heterologous strains as described previously (15) . Sera samples (1 ml) were adsorbed with 0.2 ml of wet, packed, whole cells at 37 C for 2 h and then centrifuged to remove particulate material.
Serological methods. Indirect hemagglutination was done with UD 3,000 antigen by the microtiter procedure developed by Zimmerman et (25) . Optimum antigen dilutions were determined by block titration against standard streptococcal antisera.
Immunodiffusion analysis of streptococcal antigens was done as described previously (15) . Chromatography and immunoelectrophoresis of swine sera were conducted by methods previously described (22 with homologous antigen and failed to react with antigens prepared from strain 78-B. Attempts to prepare purified, type-specific CF antigens from sonic extracts and acid or alkaline extracts by starch block electrophoresis and molecular sieving chromatography failed. Immunodiffusion analysis of fractions from these procedures indicated that all fractions containing type-specific antigen were contaminated with the group antigen. Fractionation of acid extract by differential centrifugation, precipitation with ammonium sulfate, and chromatography on CMC or fractionation of crude sonic extract by precipitation with ammonium sulfate and chromatography in CMC yielded a preparation that contained one antigen detectable by immunodiffusion ( Fig. 2 and  3) . Two bands were demonstrated by electrophoresis of the acid extract-derived CMC preparation in polyacrylamide gel. The elution profile of hot-acid extract chromatographed on CMC is presented in Fig. 4 . The elution profile for the sonic extract was nearly identical to that of the hot-acid extract. The purified antigen (peak 3 of Fig. 4) reacted with nonadsorbed or adsorbed anterisera against the homologous serotype in the CF and immunodiffusion procedures; however, it did not react with nonadsorbed or adsorbed antisera against heterologous serotypes, suggesting that it was type specific (Table 3 and Fig. 3) .
Postimmunization sera of six swine exhibited a sequential rise in CF and IHA antibodies to S. equisimilis strain 78-A when compared to the preimmunization sera. The geometric mean titers of CF antibodies were <10 on day 0, 40 on day 14 (3 injections), and 267 on day 35 (8 injections). The geometric mean titers of IHA antibodies in the same sera were <4 on day 0, 12 on day 14, and 48 on day 35. None of sera collected from four swine that received placebo vaccine had detectable CF or IHA antibodies against S. equisimilis. Fractions of serum from a vaccinated pig obtained by chromatography on Sephadex G-200 were shown by immunoelectrophoresis to contain predominately immunoglobulin M in peak 1 and immunoglobulin G in peak 2. Most of the IHA activity (reciprocal titers; peak 1 = 128 and peak 2 = 16) was present in the immunogloblin M fraction, whereas the immunoglobulin G fraction contained most of the CF 3 . Specificity of purified serotype I antigen. serotype I antigen. Well AS contained nonabsorbed Well CMC contained purified serotype I antigen, well rabbit antiserum against S. equisimilis 78-A3X, well 1 contained rabbit antiserum against S. equisimilis 1 contained a crude HCI extract of S. equisimilis 78-78-A3X, well 2 contained rabbit antiserum against S. A3X, well 2 contained an HCI extract ofS. equisimi-equisimilis R-8 (serotype II), well 3 contained rabbit lis 78-A3X after ammonium sulfate precipitation, antiserum against S. equisimilis 78-B (serotype III) and well 3 contained purified type-specific antigen and well 4 contained rabbit antiserum against S. from S. equisimilis 78-A3X.
equisimilis F-49 (serotype IV). Evidence has been presented that ultrasonic disruption of streptococcal cells results in liberation of antigen that is in a more natural form than that obtained by acid extraction (5) . The native protein is apparently hydrolyzed during the acid-extraction procedure, resulting in alteration of its physicochemical form and antigenicity. Extraction under alkaline conditions has also resulted in less alteration than occurs with the acid-extraction procedure (12) . Use of these various extraction procedures has resulted in comparable yields of type-specific antigen from group A streptococci (5). In contrast, ultrasonic treatment of S. equisimilis resulted in a much higher yield of antigen active in the CF test than did acid extraction Possibly the type-specific antigen of S. equisimilis is partially destroyed under acidic conditions. Purification of type-specific antigen from crude sonic extract with CMC required a variation in dialysis before addition to the column. Antigen that had been dialyzed against PBS containing potassium salts bound irreversibly to the CMC. Dialysis of the antigen against PBS-Na produced an antigen that behaved similarly to the HCl extract on the CMC column although there still appeared to be some retention of antigen.
Analysis of the UD 30,000 and UD 3,000 preparations by immunodiffusion revealed essentially no difference; both preparations contained the group and type-specific components. Evidence obtained by starch block electrophoresis and molecular sieving chromatography indicated that the type-specific component was not of a single species, but rather a composite with different densities and molecular weights, all of which appeared to react similarly with the type-specific antisera. The antigen may have a multiple molecular structure similar to the type-specific antigen found in group A (11).
The need for multiple injections of streptococcal cells or their components to produce hightiter antibodies in man and animals has been demonstrated previously. Bazeley and Battle (3, 4) and Engelbrecht (8) found that three doses of S. equi vaccine were necessary before complete immunity developed in horses. Similar results have also been obtained during vaccination attempts in humans with purified M protein extracts (10, 19) . The sequential rise in swine CF and IHA antibodies suggest this may also be required in swine. The serological activity ofchromatographed swine streptococcal antibodies in CF and IHA tests was consistant with previous reports concerning immunoglobulin G and M antibodies. 
